We have analysed images of the field of A2390 obtained with the CFHT and HST. The analysis fits models to bulge and disk components to several hundred galaxies, with about equal samples from the cluster and field. We also have assessed and graded asymmetries in the images. The cluster galaxies are compared in different cluster locations and also compared with field galaxies. We find that the central old population galaxies are bulge-dominated, while disk systems have young populations and are found predominantly in the outer cluster. S0 and bulgy disk galaxies are found throughout, but concentrate in regions of substructure. Disks of cluster blue galaxies are generally brighter and smaller than those in the field. We find that the cluster members have a higher proportion of interacting galaxies than the field sample. Interactions in the cluster and in the field, as well as cluster infall, appear to inhibit star-formation in galaxies.
Introduction
The well-known rich cluster Abell 2390 at z=0.23 was studied as part of the CNOC1 cosmology program (Carlberg et al 1996) . A detailed discussion of its spectroscopic properties from the CNOC1 database was published by Abraham et al (1996) . From spectra of some 250 cluster galaxies, Abraham et al showed that infall into the cluster truncates star-formation, although there are some 'near-field' galaxies that have young populations, and may not yet be affected by the cluster environment.
The morphological structure of cluster galaxies is of interest in further understanding the effects of cluster infall and assimilation of galaxies. It is presumed that the high fraction of red central galaxies with old stellar populations are formed by tidal events that occur within the cluster, and giving them a bulge-dominated morphology. However, the CNOC1 imaging data were not used for a systematic morphological study until now.
In this paper, we have made use of a variety of additional imaging data of the cluster. We have performed a morphological modelling analysis of the cluster galaxies, and also of a field galaxy sample from the same databases. In our discussion we discuss the connection between morphology, cluster location, and spectra, and look for differences of properties in a similar sample of field galaxies.
The data used are from four databases. 1) the original CFHT MOS images from the CNOC1 database. These cover all the galaxies which have spectra, so are complete. However, the image quality and sampling are not optimal. 2) CFHT OSIS images have better sampling and image quality, from better observing conditions and with a tip-tilt imaging system. However, these images were part of a narrow-band imaging program and were not deeply exposed in the continuum band. 3) Images with the CFHT AO system in visible wavelengths produced still better sampled images with FWHM in the range 0.3 to 0.4". 4) Finally, we used HST WFPC2 images from our own and archival databases. These have FWHM about 0.2-0.3". Table 1 summarizes the data and compares their coverage of the cluster. While the MOS data have the worst resolution, they offer the most extensive coverage of the cluster and have the highest signal level per pixel. Thus, in what follows, we have used the MOS data for most of the discussion, but have used the other datasets as checks on the morphology results. The analysis does create a PSF that may vary across the image fields, and uses them to calibrate the images, so that image resolution is not the overriding consideration for the images. While the OSIS data have superior resolution and sampling, their coverage of the cluster is less complete and the signal levels are much lower, so that they are not as useful. The PUEO and WFPC2 data are good quality checks on a limited subsample of galaxies.
Measurements
The galaxy images were classified using the software described by Schade et al (1996) . Saintonge et al (2001) describe the analysis in detail for new data on some CNOC clusters, which is exactly the process followed for this discussion, including definitions of all quantities. Thus, we note only that the program was run on all data in Table 1 . In the case of A2390, the model fits were all checked manually, rather than by an automatic checking process that was developed later for the larger datasets, based on the A2390 experience. In this process, a uniform numerical criterion for model fit was applied in determining which models fits to include in the discussion.
While this eliminates poorly-defined models for faint or flawed images, it raises the question of whether a significant population of galaxies is rejected from our discussion. However, including lower quality model fits appears to increase noise in our plots rather than introducing clear systematic changes. More importantly, we applied the same criteria to the cluster and field galaxies, so the comparison between the two groups should not be affected.
In deciding to use the MOS data only for our discussion, we did a comparison of the results for the galaxies in common to the datasets. The correspondence was good between all pairs of measurements for galaxies whose data quality flags were good in both. The overall comparison of the principal measure (bulge/total light, or B/T) shows a mean difference of 0.02 over the range 0 to 1, with σ of 0.37, for all galaxies covered by more than one database. We have used the MOS data results restricted to only the good quality galaxy measurements. This amounts to 161 cluster galaxies, (of a total of 209 with spectroscopic measures) spread over a wide range of cluster positions (see Figure 1 ).
The process of fitting parametric models to these galaxies includes, as the first step, 'symmetrizing' the image to be fit. The galaxy image is rotated by 180 o and subtracted from itself. The residuals are then clipped to leave only those portions of the residuals that are positive and that deviate by more than 2σ from symmetry. These high-significance residuals are then subtracted from the original image leaving a 'symmetric' image. This symmetric image is then fit by the models. This process is very effective at removing the effects of companions and asymmetric features on the model-fitting process. It does not alter the possibility of separately classifying galaxy images as symmetric or asymmetric, and does not make classifications of interaction probability less effective. In fact, the asymmetric parts of the image were used in deriving the interaction index, described below.
A central question is whether many of the interacting galaxies have been removed from the sample because we are presenting only 'good' fits. While there may be a few such galaxies that have been rejected, the symmetrizing process makes it less likely that we have rejected very many moderately (or less) interacting galaxies. We stress again that the comparison between field and cluster is done with the same criteria for inclusion.
We combined two field-galaxy samples for comparison: galaxies from the A2390 images with redshifts (mostly in the range 0.16 to .35, so comparable with the cluster redshift of 0.23); and field galaxies in the redshift range 0.19 to 0.27 using MOS images from other CNOC clusters. These datasets contained 97 and 111 galaxies, respectively. Almost all the cluster and field galaxies in our morphological database have spectra from the CNOC1 program, and we have thus combined the morphological and spectroscopic measurements from Abraham et al (1996) in some of the discussions that follow.
We examined the best (MOS and OSIS) galaxy images (and their asymmetries as isolated by rotation) and classified their 'interaction level', based on the distinctness of tidal tails, connecting luminosity, warped disks, off-centre nuclei, and other asymmetries, with reference to a grid of models of galaxy interactions computed with a tree code. This classification was done independently by two of us for a subset of galaxies to standardize the criteria, and the results are given for the full set on a 5-point scale. A similar classification was described in more detail by Hutchings and Neff (1991) .
Finally, we made a measure of the local galaxy density by counting the distance to the 10th-nearest neighbour galaxies on the sky. The density value used was proportional to the log of the inverse square of this radius. This enabled us to investigate the effects of local galaxy density independently of clustocentric radius (although without correction for non-member galaxies). Tables 2 and 3 show the values used in this paper for cluster and field galaxies. In the sections below we present and discuss the more significant correlations among the morphology, spectroscopic, photometric, and positional measures of the cluster and field galaxies. Where sizes and luminosities are shown, we have used H 0 =50 and q 0 =0.5. Abraham et al (1996) discussed the spectroscopic and photometric properties of the cluster in considerable detail. The diagrams in the present paper illustrate the morphological parameters of the cluster galaxies, as they relate to the spectroscopic and photometric data, and to their position in the cluster. The principal properties we discuss are the bulge to disk flux ratio, and some aspects of their sizes and luminosities. Figure 1 shows the spatial distribution of the cluster galaxies in the sample. We have in general divided the galaxies into 3 types: 'bulge', which has modelled bulge/total light (B/T) of 0.8 or larger; 'disk' which has B/T less than 0.4, and 'S0', which has B/T between 0.4 and 0.8. The intermediate classification probably contains all S0 type galaxies, but will also include others such as Sa with a bright bulge. The sample extends to large distances from the centre, along the principal axis of extension of the cluster. The top panel shows the MOS results which we have used, as discussed above. The lower panel shows the distribution of the galaxies in the other datasets analysed. The OSIS data have gaps at intermediate radii, and are much noisier, while the PUEO and HST data cover only the central region. Figure 2 shows the spatial distribution of B/T with normalised radius within the cluster. (The normalised radius is defined as the radius within the cluster as a fraction of R200, the radius at which the cluster density is 200 times the critical density.) It also shows the same for the field sample, plotted with redshift mainly as a way to spread the points out (but does also show that we have no strong redshift-dependent effects). The field galaxies bracket the cluster redshift of 0.23 in any case.
Cluster galaxy morphologies
The gap in the B/T distribution is caused by an explicit bias. In those cases where a single component model (e.g. pure disk or pure bulge) is indistinguishable statistically from a two-component model (bulge plus disk) then we adopt the single component model. In the region B/T > 0.8 (roughly) the bulge clearly dominates the luminosity profile and it is frequently difficult to detect a disk even if one is present (as determined from simulations). Furthermore, the measured parameters of the bulge are affected very little by the choice of pure bulge or bulge-plus-disk model. In these cases too, we choose the single-component model.
The size of the gap in the B/T diagram depends on signal-to-noise ratio. If the obserations all had very high S/N then there would be no gap because it would be possible to detect even very weak disks in the presence of dominant bulges.
In Figure 2 , there are clearly separate populations of bulge galaxies that are not a continuation of the trends seen in the pure disk through increasing bulge up to B/T 0.8. This bulge population is more marked in the cluster, as expected, but galaxies are found at all projected radii within the cluster. There are more disk-dominated galaxies in the field, also as expected.
In Figure 3 we show the distributions of intrinsic colour with disk surface brightness for the two samples, which differ significantly. The dotted lines mark the mean values from the field sample, which are fairly evenly spread about these values. The greater spread to bluer colours reflect the redshift range, which limits the observed red colour of the galaxies. The cluster galaxy distribution is mainly skewed by the cluster red sequence, but also shows a paucity of low surface brightness disks among the blue galaxies.
In Figure 4 we compare the disk scale-lengths. These are related to the absolute magnitude, with brighter galaxies having bigger disks. The dotted line is the linear fit to the log-log plot for field galaxies. The cluster galaxies distribution differs from this as illustrated by the dashed curve, which is a second order fit to the points: the disks are generally smaller (as well as brighter as seen in Figure 3 ), but there is a tail of larger disks that are the brightest ones in Figure 3 . Figure 5 shows the distribution of galaxy types plotted with local galaxy density. This is strongly correlated with radius within the cluster, as shown by the radius values in the plot: the density is highest in the cluster centre and falls with radius in the inner cluster. Beyond that there is a region where radius and density appear largely unrelated. The outer cluster shows a clear monotonic decline in density. Figure 5 has bins that separate these three regions, with the central region divided into two bins of equal numbers of member galaxies. The plot shows what is generally expected: the central regions strongly dominated by bulge galaxies, and a rising disk fraction with radius. The 'S0' population remains near to 20% at all radii.
Figure 6 compares some key spectroscopic measures with the B/T ratio. These are the stellar population indicators used by Abraham et al (1996) . We have included all galaxies with good morphology measures but they are not filtered by spectroscopic data quality, since these are not readily available for the assembled field sample. The D4000 data are, however, separated for the brightest galaxies, which will have better spectroscopic data as well. There are some differences, as follows.
The [O II] emission, a signature of hot star formation, is somewhat suppressed compared with the field galaxies, but has a wider range. The differences are larger for lower B/T values. Hδ absorption, a post-starburst measure, is stronger for the cluster galaxies, again more noticeably for the lower B/T values. D4000, a measure of old stellar populations, is larger for the cluster galaxies, and more so for the intermediate B/T values. All these are consistent with the idea proposed by Abraham et al (1996) for this cluster, and Morris et al (1998) for another CNOC cluster, namely that infall into the cluster truncates star-formation. Figure 7 plots the spectroscopic indices with our estimates of interaction strength for cluster and field galaxies. This plot shows the overall differences discussed for Figure 6 , and also illustrates connections to disturbed galaxy morphology. The distributions in Figure 7 show significant difference beteeen cluster and field galaxies in all comparisions The numbers on the right show the differences in percent of each sample in each interactions subset: the cluster galaxies appear to be more interacting than the field sample, again as expected.
In the spectroscopic measures in Figure 7 , [O II] emission is stronger in the field sample, but both samples show decreased emission for stronger interactions. This suggests that interactions inhibit star-formation in all environments that are covered. Hδ absorption is also stronger in field galaxies, increasing with tidal interaction. The cluster galaxies show a small trend the other way -less Hδ in highly interacting systems. The D4000 index decreases with interaction in both samples, but there is a strong difference between field and cluster galaxies.
Discussion
We find that the morphology measurements of A2390 cluster galaxies generally support the expectations of the spectroscopic analysis by Abraham et al (1996) . The red central galaxies are bulge-dominated systems, as expected from their old stellar populations. Such galaxies are strongly concentrated in the cluster core. Disk systems on the other hand are increasingly dominant in outer parts of the cluster. The S0 (and other bulgy disks) are found at all radii, but seem to be associated with regions of subclumps within the cluster. This is consistent with their being stripped disk galaxies as a result of recent infall into the cluster. 50% of the field galaxies are disk-dominated (B/T=0), while the cluster galaxies are dominated by the bulge-only (B/T=1) population. The distribution of intermediate B/T values is similar for the two samples, but they may refer to different morphologies (S0 and Sa, say) which we cannot distinguish.
The cluster disks are mostly fainter and smaller than the field galaxy disks, which is presumably also a result of tidal or stripping effects of infall. The few bright large disks are found in galaxies spread across the cluster, with no particular other properties.
The spectroscopic properties (Figures 6 and 7) indicate that the disk-dominated systems have post-starburst stellar populations, compared with the field sample, while the bulgedominated galaxies are very similar in cluster and field. This too supports the conclusion that infall into the cluster truncates star-formation. The interaction statistics add some more information to this: interactions are more common among the cluster galaxies, as expected, but in both field and cluster samples, the [O II] is increasingly suppressed with increased interaction visibility. Thus, this truncation of star-formation appears to happen in non-cluster environments too (although significantly more marked in the cluster).
If we regard the interaction visibility as an indicator of the age of a tidal event, the Hδ data suggest a sequence of post-starburst populations, again with the effects more marked in the cluster sample. Abraham et al (1996) noted a few near-field galaxies that appear to be in the early stages of infall. These are blue and have young stellar populations. Our morphology measures for these galaxies show them to be disk-dominated, but with other properties that are varied but typical of the distribution of cluster galaxies. We have thus simply included them as cluster galaxies in our diagrams.
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